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Description 

The present invention relates to an improved plas- 
ma reactor and to a method of operating the same. In 
particular the present invention is directed to a parallel 
plate plasnna reactor suitable for use in etching and dep- 
osition treatments of waters. 

RF plasma reactors are used mainly in connection 
with etching and deposition of the components, for ex- 
ample semiconductors, insulators and metats which 
make up very-large-scale integrated (VLSI) electronic 
circuits. During manutacture of such components the 
rate at which either the etching or the deposition is per- 
formed and the quality of the component, that is the ab- 
sence of defects, are of particular importance. 

Figure 1 of the accompanying drawings shows a 
Gimplffied diagram of a parallel plate plasma reactor of 
the type with which the present invention is concerned. 
The device comprises a pair of metal plate electrodes 
1,2 to which an RF voltage, typically at a frequency of 
13.56 MHz, is applied from an RF power source 3. Usu- 
ally electrode 1 is the driven electrode and electrode 2 
is grounded. A wafer 4 to be treated is placed on one of 
the two electrodes, as shown. 

A gas at low pressure is passed between the plates, 
and is represented by the arrow A in Figure 1 . For etch- 
ing the gas employed may be for example argon. CF4 
or SFg. For deposition a film-forming gas such as meth- 
ane or thioiene may be used. 

The RF voltage is sufficient to cause the gas to 
break down, forming a plasma 5 between the plates con- 
taining roughly equal numbers ol ions and electrons. At 
the same time a space charge regnn, referred to as the 
sheath 6.7 appears between the plasma and each of the 
electrodes. The plasma in these circumstances is a glow 
discharge plasma having no overall electrk:al charge. 

The use of such a conventional plasma reactor at 
pressures in the range 10 to 50 Pa is described in US- 
A-4933203 for the deposition of anvorphous hydrogen- 
ated silicon. In US-A-4933203 selectton of the frequen- 
cy at which the plasma reactor is driven, between 25 
and 150 MHz, is described. The selection is on the basis 
of the ratio of the frequency f with respect to the elec- 
trode separation d. That is f/d must be in the range 30 
to 100 MHz/cm. Hence, this document establishes a di- 
rect relat»nship between the frequency t and the elec- 
trode separation d. whereby increasing one requires a 
commensurate increase in the other. 

In JP-A-62-1 80747 a plasma reactor is described 
within which standing waves are established by means 
of a magnetic coil which applies an external magnetk: 
fiekd. The transverse magnetk: fiekf causes the bns 
within the plasma to describe helk:al trajectories which 
in turn enables a high -density plasma to be established. 

With the present invention on the other hand, it has 
been found that for a fixed electrode separatbn appro- 
priate selection of the frequency of the RF power source 
in combination with the pressure of the gas within the 
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chamber can Increase the amount of power which can 
be coupled to the system or can be used to couple the 
power more efficiently 

The present invention provides a method of gener- 
s ating a plasma in an evacuable chamber containing a 
first electrode spaced apart by a separation from a sec- 
ond electrode, the method comprising the steps Of: sup- 
plying a gas at a pressure into the chamber; connecting 
a first RF power source between the first and second 
10 electrodes so as to generate a glow discharge plasma 
with a sheath; and controlling at least one of sakj pres- 
sure, said first RF power source and said electrode sep- 
aration so as to generate one or more voltage gradients 
in said plasma between the first and second electrodes 
IS characterised by the voltage gradients being generated 
without an externally applied magnetk; field. 

Preferably a control device is provkled to maintain 
the pressure of the gas within the chamber. The control 
device may also be used to vary the pressure of the gas 
20 within the chamber until plasma-sheath resonance in 
the gk)w discharge plasma is generated. Alternatively 
means for adjusting the electrode separation may be 
employed. In this way even if the exact conditk>ns for 
generating the resonance are not known, resonance 
2S can be achieved through experimentation. 

The voltage gradient generated in the region be- 
tween the electrodes in the chamber can be in the form 
of a standing wave which has a frequency coinciding 
with or which is a harmonic of, the driving frequency of 
30 the RF power source. 

In either method it is preferred that the pressure of 
the gas within the chamber is maintained at less than 
10 Pa and kJeally less than 2 Pa. A preferred frequency 
of the RF power source is 13.56 MHz. 
35 Where the exact conditions for generating the plas- 
ma-sheath resonance or the standing wave are not 
known, the RF current between the electrodes may be 
monitored by means of a suitable meter. The current will 
tend towards a maximum when resonance or the stand- 
40 ing wave is generated. Alternatively, the presence of a 
voltage gradient in the plasma between the electrodes 
in the chamber may be monitored directly by means of 
a high impedance probe. 

In a further alternative, an additkinal RF power 
4S source may be connected to the electrodes so that the 
RF voltage applied to the electrodes is the superposition 
of two different frequencies. The additional RF power 
source may be a variable frequency power source and 
in partksular one capable of supplying voltages at fre- 
so quencies whk:h are harnx)nics of the driving frequency 
Furthermore, the additbnat power source preferably 
supplies an RF voltage having a peak-to-peak voltage 
less than the peak-to-peak voltage of the first RF power 
source. 

ss With the present invention described above greater 
power can be coupled to the system or the power can 
be coupled more efficiently. This surprising effect in turn 
increases the flux of the system and enables higher 
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etching rates to be achieved at low pressures. Moreo- 
ver, with the present invention unexpectedty a plasma 
may be generated at gas pressures formerly considered 
below the lower limit of working pressures. 

The present invention also provides a reactor com- s 
prising an evacuable chamber having a port through 
which gas is supplied; first and second electrodes locat- 
ed within the chamber and spaced apart from one an- 
other by a separation ; pumping means for maintaining 
sub-atmospheric pressure of gas supplied through the io 
port; a first RF power source connected between said 
first and second electrodes for generating a glow dis- 
charge plasma and sheath within the chamber; and 
characterised by means for controlling at least one of 
said pressure, said RF power source and electrode sep- is 
aration in order to generate without an externally applied 
magnetic field a voltage gradient in the plasma between 
first and second electrodes. 

Reference is made herein to the generation of a 
glow discharge plasma and to a plasma reactor. It will 20 
be appreciated that at the pressures and frequencies of 
interest plasmas generated by a glow discharge con- 
ventionally have a plasma sheath region across which 
a substantial portion of the applied RF voltage is distrib- 
uted (i.e. high electric field) and a luminous plasma re- 2S 
gion having approximately equal numbers of ions and 
electrons across which only a relatively small portion of 
the voltage is distributed (i.e. low electric field) as shown 
by Figure 1 . the plasma generated is in the fomi of an 
ionised gas having approximately equal numbers of 30 
positive ions and electrons. It is not intended that refer- 
ence to a plasma implies the ionised gas either to be in 
equilibrium or linear. Indeed, it is believed that when res- 
onance is generated the ionised gas is non-linear and 
not in equilibrium. 35 

An embodiment of the present invention will now be 
described by way of example only with reference to the 
accompanying drawings, in which; 

Figure 1 is a schematic diagram of a conventional 40 
plasma reactor; 

Figure 2 is a schematic diagram of an improved 
plasma reactor in accordance with the present in- 
vention; 

Figure 3 is a graph of the voltages measured be- 4S 
tween the electrodes of the improved plasma reac- 
tor at three different resonant frequencies; and 
Figure 4 is a simplified schematization of the elec- 
trical properties of the system. 

so 

With reference to Figure 2 a plasma reactor is 
shown similar to that of Figure 1 . The plasma reactor 
has a first electrode 1 which is driven by an RF power 
source and a second electrode 2 which is grounded. 
There are certain applications of the plasma reactor in ss 
which the second electrode would not be connected to 
ground and it is a matter of design and the particular 
application of the plasma reactor which will decide this. 



The electrodes 1 .2 are of the parallel plate type and are 
therefore mounted opposite and spaced apart from one 
another. The electrodes 1 .2 are located within an vacu- 
um chamber 6 which has a port 8a for the introduction 
of a gas under low pressure. The gas is supplied from 
a pump 16 which is arranged to control the pressure at 
which the gas is delivered and thereby the pressure of 
the gas within the chamber 8. The chamber 8 is ar- 
ranged so that it may be opened to enable a wafer to be 
mounted on one or other of the electrodes. 

Examples of suitable gases which could be used in 
wafer treatment with the plasma reactor are given earlier 
with reference to the conventional plasma reactor 

The electrodes 1 ,2 of the plasma reactor of Figure 
2 are connected to a voltage supply which provides pow- 
er at a driving frequency of 1 3.56 MHz superposed with 
a selected higher frequency The peak-to-peak voltage 
of the higher frequency power supply may be less than 
the peak-to-peak voltage of the 13.56 MHz power sup- 
ply. For example Vrp^ at 13.56 MHz may be 20v where- 
as Vrp2 at 54.24 MHz may be Iv. The voltage supply 
shown in Figure 2 includes a 13.56 MHz amplifier 9 
which is connected to a tuneable power choke 10 and 
a power generator 1 1 which is connected toa 1 3.56 MHz 
choke 1 2. The outputs of the power choke 1 0. and choke 
12 are connected to the driven electrode 1 via a DC 
bkx;king capacitor 13. 

The driving frequency is chosen to be 1 3.56 MHz 
since this is a frequency which is presently available for 
use to industry. It will of course be appreciated though 
that any suitable RF frequency voltage supply may be 
used with the plasma reactor of Figure 2. The higher 
frequency is carefully selected either by experiment or 
theoretically. The higher frequencies may be selected 
to be harmonics of the driving frequency It is preferred 
that the higher frequency is less, but possibly near to 
the electron plasma resonance frequency which is the 
frequency at which the plasma resonates and the RF 
current between the electrodes tends to a minimum. 

In order to generate a plasma the RF power supply 
is connected between the electrodes 1 ,2 and the pres- 
sure of the gas within the chamber 8 is carefully control- 
led by the pump 16 so as to be maintained at a prede- 
termined level. At the predetermined pressure, which is 
preferably below 10 Pa. resonance is generated in the 
glow discharge plasnna between the electrodes 1 ,2. This 
resonance greatly increases the coupling of the power 
to the system and Is seen as an increase In the RF cur- 
rent between the electrodes. In circumstances at a par- 
ticular driving frequency where the pressure needed to 
generate resonance is not known, the pump 16 may be 
used to vary the pressure of the gas within the chamber 
8 until resonance is generated. In this way the desired 
pressure can be determined and thereafter the pump 1 6 
is used to maintain the gas at the desired pressure. 

Resonance may be detected in a number of differ- 
ent ways. For example, an RF current meter 1 5 may be 
used to monitor the current between the electrodes 1.2 
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externally of the chamber 8. The RF current increases 
when resonance has been established within the reac- 
tor Alternatively, a high impedance probe 14 may be 
used to detect the presence of a voltage gradient within 
the plasma between the electrodes 1.2. The probe 14 
may either be connected to a broad band choke or may 
utilise the electrical properties of the sheaths, which are 
formed either side of the plasma, in order to ensure the 
high impedance necessary to measure the voltages in- 
volved. It should be borne in mind that the resonance 
referred to herein is a resonance of the ionised parttctes 
in the chamber and is not a resonance of the probe. 

Figure 3 shows the results of the voltages meas- 
ured by a high impedance probe 14 at different distanc- 
es from the ground electrode 2 at three different pres- 
sures which correspond to three different resonant fre- 
quencies. The three different frequencies are in fact the 
fourth, fifth and sixth harmonics of the driving frequency, 
13.56 MHz. of the power source. The first curve. A. is 
for a gas pressure of 0. 1 9 Pa with a resonant frequency 
of 54.24 MHz. the second curve, B, is for a gas pressure 
of 0.27 Pa with a resonant frequency of 67.80 MHz. the 
third curve. C, is for a gas pressure 0.48 Pa with a res- 
onant frequency of 81 .36 MHz. 

In each case the curves show the presence of a 
standing wave between the electrodes 1 ,2 which implies 
resonance of the system with the harmonic becoming 
the resonant. The increased RF current between the 
electrodes 1 ,2 also implies that the phenomenon iden- 
tified is resonance. Since, conventionally, only a small 
voltage gradient is usually present within a plasma ref- 
erence herein to a plasma between the electrodes and 
to an AC gradient within the plasma is used as reference 
to the ionised state of the gas and to a plasma-sheath 
resonance in the region between the electrodes. In any 
event, at the pressures involved any plasma established 
between the electrodes would not be in thermal equilib- 
rium. 

it will of course be apparent that the pressures given 
above are pressures which are rK>t nornr^lly associated 
with plasma generation. Indeed, to date plasmas have 
only be generated at lower pressures by means of 
strong external magnetic fields or other fomns ol external 
ionisation sources being applied. With the plasma reac- 
tor of Figure 2 no additional external ionisation source 
is needed. 

Although the plasma reactor described atx>ve utilis- 
es a power supply which superposes two RF frequen- 
cies, this is not essential. The results appearing in Fig- 
ure 3 were obtained with a plasma reactor having a sin- 
gle RF power supply at a frequency of 13.56 MHz. The 
strength of the resonance can however be Increased by 
^ pumping the reactor by means of the variable frequency 
power generator 11 tuned to the resonant frequency 
which may be a harmonic of the driving frequency. The 
power generator 11 may also allow the size of the volt- 
age to be varied. 

A further alternative is for the electrodes 1 ,2 of the 



reactor to be driven solely at the higher resonance fre- 
quency in which case feed-back control may be imple- 
mented to compensate for resonance effects. At a fixed 
electrode spacing it will be understood that variatbn of 
s either the pressure of the gas in the chamber or the fre- 
quency of the power source whilst maintaining the other 
variable fixed enables the reactor to be tuned to reso- 
nance. 

Higher gas pressures than those described above 

10 may be used with the plasma reactor of Figure 2 at tower 
electrode distances. For example, Using a gas such as 
argon, resonance can be generated up to pressures of 
5 Pa tor a 2 cm electrode separation. 

It is proposed that the mechanism which results in 

IS the generatton of a AC voltage gradient in the plasma is 
a result of a resonance between the plasma and the 
sheaths. To assist in an understanding of one theory of 
the mechanism Figure 4 shows a schematization of the 
electrnal properties of the plasma reactor. This sche- 

20 niatization is not intended to represent the true system 
and instead is included solely to assist comprehension. 
The impedance of the plasma can be represented by a 
combination a resistance, inductance and capacitance. 
At low pressures and RF frequencies the resistance is 

2S conskiered to be negligible. Hence, the impedance of 
the plasma can be treated as a parallel circuit with in- 
ductance and capacitance. The sheaths which are gen- 
erated between the plasma and each electrode also 
have capacitance and are represented in Figure 4 by 

30 capacitors C, and C^. This schematization does not of 
course altow for the damping effects which will be 
present in any real system. 

The parallel LC circuit representing the plasma 
gives a plasma resonance whbh is already known to 

3S occur at very high frequencies. At frequencies bebw the 
plasma resonance frequency the plasma may be con- 
skiered to be mainly inductive and can resonate in se- 
ries with the capacitance of the sheaths. This series res- 
onance produces a maximum in current transmissk^n 

40 between the electrodes whrch is what is found to occur 
with the plasma reactor of Figure 2. 

In the schemattsatk)n of Fig 4, the frequency co of 
the series resonance of the plasma is dependent on the 
plasma resonarKe frequency cOp^. the thickness of the 

^ plasma P and the sum of the thicknesses of the sheaths 
S in the following relatkxiship: 



50 " Vl + P/S 

In practice non uniformity of the plasma will nrKxjify 
the expression. Until the above has been shown to be 
true, reference herein to the resonance in the glow dis- 
ss charge plasma in the plasma reactor is to be understood 
to be reference to the irKrease in RF current between 
the electrodes which occurs at particular driving fre- 
quencies and gas pressures and to the generation of a 
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voltage gradient between the electrodes in the form of 
standing waves. 

With the plasma reactor of Figure 2 and the method 
ot operation described herein, greater power can be 
coupled in the system than with conventional reactors 
and at bwer pressures than have been formerly used. 
This enables an increase in the rate of etching or dep- 
osition without loss of quality where the reactor is used 
for the treatment of waters. 

Alternative arrangements of the electrodes, probe, 
current meter and voltage supply for example are envis- 
aged and are considered a matter of design without de- 
parting from the spirit and scope of the present inven- 
tion. 



Claims 

1 . A method of generating a plasma in an evacuable 
chamber containing a first electrode spaced apart 
by a separation from a second electrode, the meth- 
od comprising the steps of: supplying a gas at a 
pressure into the chamber; connecting a first RF 
power source between the first and second elec- 
trodes so as to generate a glow discharge plasma 
with a sheath; and controlling at least one of said 
pressure, said first RF power source and said elec- 
trode separation so as to generate one or more volt- 
age gradients in said plasma between the first and 
second electrodes characterised by the voltage 
gradients being generated without an externally ap- 
plied magnetic field. 

2. A method as claimed in claim 1 . wherein resonance 
is generated in the plasma. 

3. A method as claimed In any one of the preceding 
claims, wherein the electrode separation within the 
chamber is controlled with respect to said pressure 
and first RF power source, 

4. A method as claimed in either of claims 1, 2 or 3, 
comprising the further step of nrxxiitoringan RF cur- 
rent between the first and secortd electrodes whilst 
adjusting at least one of said pressure, said first RF 
power source and said electrode separation. 

5. A method as claimed in any one of the preceding 
claims, wherein the one or rrK>re voltage gradients 
in the plasma are in the form of a standing wave at 
a frequency near to the fundamental frequency or 
near to an harmonic of the fundamental frequency 
of the first RF power source and said method in- 
cludes the steps of controlling at least one param- 
eter from the group consisting of said pressure, volt- 
age of said first RF power source, current of said 
first RF power source and electrode separation to 
maintain said harmonic. 



6. A method as claimed in any one of the preceding 
claims, further comprising connecting a second RF 
power source between said First and second elec- 
trodes and superposing the second RF power 

s source on the first RF power source. 

7. A method as claimed in claim 6. comprising the fur- 
ther step of synchronously adjusting the frequen- 
cies of the first and second RF power sources and 

10 monitoring an RF current between the first and sec- 
ond electrodes. 

8. A reactor comprising an evacuable chamber (8) 
having a port (8a) through which gas is supplied; 

IS first and second electrodes (1 ,2) located within the 
chamber and spaced apart from one another by a 
separation; pumping means (16) for maintaining 
sub-atmospheric pressure of gas supplied through 
the port (8a); a first RF power source (11,12) con- 

20 nected between said first and second electrodes 
(1,2) for generating a glow discharge plasma and 
sheath within the chamber (8); and characterised 
by means (10. 14, 15) for controlling at least one of 
said pressure, said RF power source and electrode 

25 separation in order to generate without an external- 
ly applied magnetic field a voltage gradient in the 
plasma between the first and second electrodes 
(1.2). 

^ 9. A reactor as claimed in claim 9, wherein said means 
for controlling includes a current monitor (15) for 
monitoring the current between the first and second 
electrodes (1,2). 

35 1 0. A reactor as claimed in either of claims 9 or 1 0, fur- 
ther including a second RF power source (9,10) 
connected between said first and second elec- 
trodes (1.2). 

40 11. A reactor as claimed in claim 10, wherein at least 
one of the frequency and voltage of said second RF 
power source (9,10) is variable. 



45 Patentanspruche 

1. Verfahren zur Erzeugung eines Plasmas in einer 
evakuierbaren Kammer, die eine erste Eiektrode 
enthalt, die von einer zweiten Eiektrode durch Ab- 

50 stand getrennt ist. Das Verfahren schlieQt folgende 
Schritte ein: Zufuhren eines unter Druckstehenden 
Gases in die Kammer; AnschlieBen einer ersten 
HF-Stromqueile zwischen den ersten und zweiten 
Eleklroden, um ein Glimmentladungsplasma mit ei- 

55 ner Hulle zu erzeugen; und Steuem von mindestens 
einem des genannten Drucks, der genannten er- 
sten HF-Slromquelle und genanntem Elektroden- 
abstand. um so einenoder mehrere Spannungsgra- 
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dienten in genanntem Plasma zwischen den ersten 
und zwerten Elektrcxjen zu erzeugen, dadurch ge* 
kennzetchnet. daQ die Spannungsgradienten ohne 
ein extern angelegtes Magnetfeld erzeugt werden. 

2. Verfahren nach Anspruch 1, worin Resonanz im 
Plasma erzeugt wird. 

3. Verfahren nach einem der vorhergehenden Anspru- 
che, worin der Elektrodenabstand innerhalb der 
Kammer in bezug auf genannten Druck und die er- 
ste HF-Stromquelle gesteuert wird. 

4. Verfahren nach einem der Anspruche 1. 2 Oder 3. 
das den weiteren Schritt der Ubenwachung eines 
HF'Stroms zwischen den ersten und zweiten Elek- 
troden umfaBt, wahrend es mindestens einen des 
genannten Orucks, genannte erste HF-Stronnquelle 
und genannten Elektrodenabstand justiert. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che. worin der eine oder mehrere Spannungsgradi- 
ent(en)im Plasma in der Form einer stehenden Wel- 
le mit einer Frequenz sind. die nahe der Nennfre- 
quenz Oder nahe einer Obenwelle der ersten HF* 
Stromquelte sind und genanntes Verfahren die 
Schritte des Kontrodierens mindestens eines Para- 
meters aus der Gruppe einbezieht. die genannten 
Druck, die Spannung der genannten ersten HF- 
Stromqueile, den Strom der genannten ersten HF- 
Strorrx^uelle und Elektrodenabstand einbezieht. urn 
die genannte Oberwelle beizubehalten. 

6. Verfahren nach einem der vorhergehenden Anspru- 
che, das weiter das Anschlie3en einer zweiten HF- 
Stromquelle zwischen genannten ersten und zwei- 
ten Elektroden umfaQt und die zweite HF-Strom- 
quelle auf die erste HF-Stromquelle ubertagert 

7. Verfahren nach Anspruch 6, das den weiteren 
Schritt der synchronen Justierung der Frequenzen 
der ersten und zweiten HF-Stromquellen und das 
Uberwachen eines HF-Stroms zwischen den ersten 
und zweiten Elektroden einbezieht. 

8. Ein Reaktor. der folgendes umfaOt: eine evakuier- 
bare Kammer (8) mit einer Offnung (8a), durch die 
Gas zugefOhrt wird; erste und zweKe Elektroden (1 . 
2). die sich innerhalb der Kammer befinden und 
durch einen Abstand voneinander getrennt sind; 
Pumpmittei (1 6) zur Auf rechterhaltung eines Unter- 
drucks des Gases, das durch die Offnung (8a) zu- 
gefOhrt wird; eine erste HF-Stromquelle (11,12), die 
zwischen genannten ersten und zweiten Elektroden 
(1.2) angeschlossen ist. um ein Glimmentladungs- 
plasma und eine Hulle innerhalb der Kammer (8)zu 
erzeugen; und durch Mittel (10. 14, 15)zurKontrolle 
von mindestens einem des genannten Orucks, ge- 



nannter HF-Stromquelle und genanntem Elektro- 
denat»stand gekennzetehnet ist, um einen Span- 
nungsgradienten ohne ein extern angelegtes Ma- 
gnetfeld im Plasma zwischen den ersten und zwei- 
s ten Elektroden (1 ,2) zu erzeugen. 

9. Ein Reaktor nach Anspruch 9, worin genanntes Mit- 
tel zur Kontrolle einen Stromuberwacher (15) zum 
uberwachen des Stroms zwischen ersten und zwei- 

10 ten Elektroden (1 , 2) einbezieht. 

10. Ein Reaktor nach einem der Anspruche 9 oder 10, 
der weiter eine zweite HF-Stromquelle (9, 10) ein- 
bezieht, die an die ersten und zweiten Elektroden 

IS (1 , 2) angeschlossen ist. 

11. Ein Reaktor nach Anspruch 10, worin mindestens 
eine der Frequenz und Spannung der genannten 
zweiten HF-Stromquelle (9. 10) variabel ist. 

20 

Revendlcatlons 

1. Une m^thode pour produire un plasma dans une 
^5 chambre dvacuable comprenant une premi&re 

Electrode et une deuxidme dlectrode sdpar^es t'une 
de fautre, la m6thode consistant k: introduire un 
gaz sous pressbn dans ta chambre; raccorder une 
source d'alimentatbn dlectrk^ue RF entre ies deux 

30 Electrodes afin de g^n^rer un plasma k ddcharge 
luminescente muni d'une gaine; et contrdler au 
moins I'un des paramdtres suivants: ladite pression, 
ladite source d'aiimentation RF et ledit espacement 
entre Ies Electrodes, afin de gEnErer un ou piusieurs 

3S gradients de voltage h FintErieur du plasma et entre 
Ies deux Electrodes, la mEthode Etant caractErisEe 
par le fait que Ies gradients de voltage sont gEnErEs 
sans recours d un champ magnEtique appliquE de 
fa9on externe. 

40 

2. Une mEthode ainsi revendiquEe k la revendication 
1, dans laquelle une rEsonance est gEnErEe k I'in- 
tErieur du plasma. 

^ 3. Une mEthode ainsi revendiquEe k Tune quelconque 
des revendications prEcEdentes, dans laquetle I'es- 
pacement des Electrodes k I'intErieur de la chambre 
est Etabli par rapport k ladite pression et par rapport 
k la premlEre source Electrique RF 

$0 

4. Une mEthode ainsi revendiquEe k Tune quelconque 
des revendications 1 . 2 ou 3. comprenant une Etape 
supplEmentaire, k savoir le contrdle d'un courant 
RF entre Ies deux Electrodes tout en rEglant au 
ss moins run des paramEtres suivants, k savoir ladite 
pression. ladite premiEre source RF et ledit espa- 
cement entre Ies Electrodes. 
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5. Une methods ainsirevendiqu^edl'unequelconque to voltage de ladite seconds source dtectrique 
des revendications pr6c6dentes, dans laquelie le (9,10). 

ou les gradients de voltage k rintdrieur du plasma 
se prdsentent sous la forme d'une onde stationnaire 
dont la frequence est proche de la frequence fon- s 
damentale ou d'un harmonique de la frequence fon- 
damentale de la premiere source d'^lectricit^ RF, et 
dans laquelie ladite m^thode permet le contrdle 
d'au moins I'un des paramdtres suivants. k savoir 
ladite pression , le voltage de ladite premtdre source io 
RF, le courant de ladite premiere source RF et ledit 
espacement entre les Electrodes, afin de maintenir 
ledit hamionique. 

6. Une mdthode ainsi revendiqude k Tune quelcorw^ue '5 
des revendications pr6c6dentes, comprenant en 
outre le raccordement d'une seconde source dlec- 
trique RF entre lesdites Electrodes, la seconde 
source Electrique RF se superposant k la premiere 
source dlectrique RF. ^ 



7. Une mEthode ainsi revendiqude k la revendication 
6, comprenant en outre TEtape consistant k r6gter 
de fagon synch rone les frequences des premiere et 
deuxidme sources dlectriques. et k contrdler un 25 
courant RF entre les deux Electrodes. 



8. Un rEacteur comprenant une chambre Evacuable 
(8) comportant un port d'entrEe (8a) destinE k ali- 
menter la chambre en gaz; deux Electrodes (1.2) 30 
sItuEes k TintErieur de la chambre et sEparEes I'une 

de I'autre par un espacement; un dispositif de pom- 
page (16) destinE k maintenir le gaz introduit depuis 
le port (8a) k une pression sous-atmosphErique; 
une premlEre source Electrique RF (11 ,12) raccor- 3S 
dEe entre les deux Electrodes (1,2) et gEnErant un 
plasma k dEcharge luminescente muni d'une gaine 
k rintErieur de la chambre (8); et caractErisE par un 
dispositif (10.14.15) destinE k contr61er au moins 
Tun des paramEtres suivants : ladite pression, ladite ^ 
source Electrique RF, et Tespacement entre les 
Electrodes, afin de gEnErer sans recourir k un 
champ magnEtique appliquE de fa^on exteme un 
gradient de voltage k IMntErieur du plasma et entre 
les deux Electrodes (1 ,2). ^ 

9. Un rEacteur ainsi revendiquE k la revendication 9, 
dans lequel ledit dispositif de contrdle comporte un 
moniteur de courant (15) destinE k contrdler le cou- 
rant ciFcutant entre tes deux Electrodes (1 .2). so 

10. Un rEacteur ainsi revendiquE k la revendication 9 
ou ^ la revendication 10, comprenant en outre une 
deuxiEme source Electrique RF (9.10) raccordEe 
entre les deux Electrodes (1 ,2). ss 

11. Un rEacteur ainsi revendiquE k la revendication 10. 
dans lequel on peut faire varier la frEquence et/ou 
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